The genus Nocardia is one of the largest and most medically and commerically important groups in the Actinomycetales. At one time, strains were assigned to this genus on the basis of morphology alone, principally on the basis of the tendency of the vegetative hyphae to fragment into small, squarish units often referred to as "fragments" (26) . However, this characteristic is widespread among various actinomycetes belonging to different genera, and the term nocardioforrn has been used as a broad term to refer to taxa which exhibit this property (38) (39) (40) (41) . Thus, lacking reliable morphological criteria for identifying nocardiae , actinomycete taxonomists have turned their attention to chemical characteristics (9, 10, 26, 29) . Substitutents having taxonomic importance include cell wall amino acids and sugars, whole cell sugars, fatty acids (including mycolic acids), menaquinones, and phospholipids (3, 9, 29, 60) . As a consequence of chemical studies, many taxa formerly assigned to Nocardia have been separated from this genus (7, 26) .
Besides cell chemistry, studies on phage susceptibility have shown that for members of the family Streptomycetaceae and the genera Nocardia , Nocardioides , Oerskovia, Pimelobacter, Promicromonospora, and Rhodococcus, phage typing is an effective and inexpensive aid to taxonomy (42) (43) (44) (45) (46) 59) . The results of phage research correspond well to the results of biochemical and molecular biological studies, including 16s ribonucleic acid catalogs
(44).
Phages isolated and propagated on strains of species belonging to the genera Nocardia and Rhodococcus are effective on many strains of both genera, indicating the close relationship of Nocardia and Rhodococcus. However, these phages do not affect strains of other taxa. Saccharomonospora , Faenia , and Saccharopolyspora, which have similar cell wall chemistry, are clearly separable from Nocardia on the basis of differences in phage susceptibility (44) * * Corresponding author.
As presently constituted, the genus Nocardia is comprised of nocardioform organisms having a chemotype IV cell wall composition, type PI1 phospholipids, and nocardomycolic acids (M. Goodfellow and M. P. Lechevalier, in P. H. A. Sneath, ed., Bergey 's Manual of Systematic Bacteriology, vol. 2, in press).
It has been found that there are a number of so-called nocardiae that lack mycolic acids altogether, although they have a cell wall composition similar to that of the true nocardiae (9, 10, 18, 30, 37) . Such nocardiae are not susceptible to Nocardia and Rhodococcus phages (44) . They include such commercially important species as Nocardia (Streptomyces) orientalis, Nocardia (Streptomyces) mediterranei, Nocardia rugosa, "Nocardia lurida ," "Nocardia sulphurea," Nocardia autotrophica, Nocardia saturnea, and Nocardia hydrocarbonoxydans. Because it appears that these species should be removed from the genus Nocardia, we propose two new genera, Amycolata and Amycolatopsis, to accommodate these mycolateless nocardioform bacteria.
MATERIALS AND METHODS
Bacterial strains. The type strains used in this study and their subculture designations in various culture collections are shown in Table 1 . Other strains used were N . orientalis IMET 7672 (= IMRU 1628) and IMET 7511 (= IMRU 1311) and N . mediterranei IMET 7668 (= ATCC 27643) and IMET 7669-(= ATCC 21411).
Morphology. Morphological characteristics were observed by using undisturbed living cultures growing on tap water agar containing 0.1% soluble starch or casein hydrolysate or on the various media described by Shirling and Gottlieb (52) . Sheaths were visualized by transmission electron microscopy of negatively stained or unstained hyphae.
Cell chemistry. Cell wall, whole cell, mycolate, and phospholipid compositions were determined by previously described methods (29) . Menaquinones were extracted and purified by the method of Collins et al. (3) . The menaquinone extracts were analyzed by high-pressure liquid chromatog- M-43-05865T, ATCC 19795T, ISP 5040T, CBS 547.68T,  I F 0 12806T, RIA 1074T, NRRL 2450T, IMET 7653T   M307T, ATCC 14930T, IMRU 3860T, NRRL 2430T,  IMET 7654T, DSM 43134T, ) and an isopropyl ether-methanol (1:3) solvent system at a flow rate of 1 mumin. Menaquinones were detected by using an ultraviolet detector at 270 nm. The identities of the menaquinones were confirmed by chemionization mass spectroscopy. The guanine-plus-cytosine contents of the deoxyribonucleic acids (DNAs) were determined by the method of Marmur (33) , with some modifications. Before lysozyme digestion, cells were washed with 0.15 M ethylenediaminetetraacetic acid, 0.1 M NaC1-ethanol (l:l, vollvol), ethanol, ethanol-acetone (l:l, vol/vol), acetone, acetone-diethyl ether (l:l, vol/vol), and diethyl ether. Cells suspended in saline-ethylenediaminetetraacetic acid buffer were digested by using 100 mg of lysozyme per 6 g of cells at 4°C overnight. In some cases (strains ATCC 15808, ATCC 19727, and ATCC 15104) cells could be disrupted only by grinding them in a mortar in the presence of glass powder, dry ice, and a few drops of diethylpyrocarbonate; thus, some shearing of the DNA may have occurred. DNA was further purified by adsorption on hydroxyapatite.
For the DNA-DNA hybridization study, biomasses for DNA extraction were grown in the presence of 0.2% glycine ethyl ester hydrochloride. The cells were collected by centrifugation, washed once in 1 M ethylenediaminetetraacetate (pH 7.2), suspended in 1 M ethylenediaminetetraacetate, and frozen overnight. The suspension was thawed, and the cells were disrupted by passage through a French pressure cell (SLM Aminco Instruments, Urbana, Ill.) at 8,000 lb/in2. The DNA was extracted by the method of Marmur and was purified by hydroxyapatite chromatography. The levels of DNA homology between strains were determined spectrophotometrically from COt0.5 values by using the method of Seidler et al. (50, 51) as described by Kurtzman et al. (19) .
Physiology. The physiological tests used were those of Lechevalier (25) , Gordon et al. (12) , and Mishra et al. (34) .
Carbohydrate utilization was determined by using the medium recommended by Shirling and Gottlieb (52) .
Actinophage studies: phage typing. Phages were isolated from soils and composts by using methods identical to or based on those described by Prauser and Falta ( 4 3 , including baiting techniques. Complex organic medium 79 of Prauser and Falta (45) turned out to be the most universal medium among several tested. Cells to be suspended in overlay agar were taken from fresh agar slant cultures or from shaken submerged cultures that were 1 to 5 days old depending on the growth characteristics of the strain being studied. The phages were applied at concentrations of lo8 to lolo plaque-forming units per ml. Phage suspensions were transferred to the test dishes (16 by 16 cm) by using a multiloop applicator (8 by 8 loops). Lytic effects were monitored daily for several days. In each case true lysis was differentiated from clearing effects by transferring traces of material from the lytic zones to freshly and identically seeded agar dishes, using inoculation needles. Lack of lysis on the second dish revealed that the lysis on the test dish was a clearing effect.
RESULTS
All of the strains which we examined had characteristics which are referred to as nocardioform (8, 9, 40, 41). They exhibited regular to occasional fragmentation of either the vegetative mycelium or the aerial mycelium or both and had no specific structures such as sporangia, synnemata, or sclerotia. Fragments were not formed by budding, and no chains of spores were produced on the vegetative hyphae. No sheaths were produced.
All of the strains had a type IV cell wall composition (rneso-diaminopimelic acid, arabinose, and galactose as diagnostic constituents), and a type A whole-cell sugar pattern (arabinose and galactose). No mycolates were detected in any strain. All strains of the new genus Amycolatopsis (Amycolatopsis orientalis, Arnycolatopsis orientalis subsp. lurida , Amycolatopsis mediterranei, Amycolatopsis rugosa , and Amycolatopsis sulphurea) had a type PI1 phospholipid pattern (the diagnostic phospholipids are phosphatidylethanolamine and variably, phosphatidylmethylethanolamine). In all members of the genus Amycolatopsis except Amycolatopsis sulphurea, the phosphatidylethanolamine was acylated both with normal and branched-chain fatty acids and with hydroxy fatty acids; thus, on thin-layer plates, these organisms had two ninhydrin-positive phosphorus-positive compounds that migrated at about the Rf of phosphatidylethanolamine. In these organisms the more polar spot was the phosphatidylethanolamine acylated to the hydroxy fatty acids. In Amycolatopsis sulphurea the less polar spot was phosphatidylmethylethanolamine, and the more polar spot was phosphatidylethanolamine acylated with normal fatty acids. All of the strains of species assigned to the new genus Amycolata (Amycolata autotrophica, Amycolata saturnea, and Amycolata hydrocarbonoxydans) contained phosphatidylcholine in addition to phosphatidylmethylethanolamine (type PI11 phospholipid pattern). No glucosamine-containing phospholipids, such as those found in other actinomycetes, were found in any strain of either genus. All of the strains in both genera had normal and branched-chain fatty acids acylated to diphosphatidylglycerol (fatty acid pattern 3). The principal menaquinone components of Amycolatopsis spp. were of the MK-9 (H2, H4) type; in Amycolata spp. they were of the MK-8 (H2, H4) type. All menaquinone patterns were quite reproducible, and all of the strains of each genus had exactly the same pattern of major and minor menaquinones. The guanine-plus-cytosine contents of the Amycolatopsis orientalis
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Hirsch 70T Amycolata saturnea Nocardia and Rhodococcus S P P .~ DNAs ranged from 68 to 72 mol% for Amycolata and from 66 to 69 mol% for Amycolatopsis, as determined by the thermal denaturation method (T, method). The DNA of Amycolatopsis orientalis subsp. lurida NRRL 2430T (T = type strain) was found to be 46% homologous to DNA isolated from Amycolatopsis NRRL 2450. This indicates that there is a significant relationship between these strains, which we feel is appropriately expressed at the subspecies level. A summary of the cell chemistry of the two new genera and other taxa with type IV cell wall compositions is shown in Table 2 . Previous experiments (44) have shown that Amycolatopsis spp. and Amycolata spp. are not sensitive to phages that are active on true nocardiae and that phages active on Amycolatopsis spp. are not active on nocardiae and rhodococci. This was confirmed and extended in the present study. A summary of the phage sensitivity assays is shown in Table 3 . No phages that were active on Amycolata spp. were isolated despite repeated efforts. Sixteen Nocardia and Rhodococcus phages were checked on the type strains and several other strains of the new genera, and none showed any lytic effect on these organisms.
Phage W2, which was isolated from a mixture of soils by using Amycolatopsis mediterranei ATCC 136UT as bait, affected most of the strains having a type PI1 phospholipid composition. Phages W7 through W9 and W11 from composts and phage W10 from chernozem soil, all of which were isolated by using Amycolatopsis orientalis ISP 5040, produced lysis on strains of Amcyolatopsis orientalis, Amycolatopsis mediterrunei, and Amycolutopsis sulphurea. Phages W4 through W6 were active only against their baiting and propagation strains. The real number of different phages may have been smaller than Table 3 seems to indicate. For example, phages W7 through W9 and W11 originated from the same habitat and in part from the same place; the identical lytic patterns of those phages may indicate that they are identical. None of the phages had any effect on the Amycolatopsis rugosa strain or on strains of Amycolata. Also, none of the phages had any effect on 15 representative strains of the genera Nocardia and Rhodococcus sensu Goodfellow and Lechevalier (in press) and Goodfellow (M. Goodfellow, in P. H. A. Sneath, ed., Bergey's Manual of Systematic Bacteriology, vol. 2, in press), respectively.
The three Saccharomonospora phages obtained from the study of Prauser and Momirova (46) failed to show any effect on the strains listed in Table 3 . A possible close relationship between the members of the genera Amycolata and Amycolatopsis and the members of the genera Faenia and Nocardiopsis was not supported by the results of phage typing (data not shown).
A summary of the physiological characteristics of the species of both new genera is given in Tables 4 and 5 .
DISCUSSION
The description of the genus Nocardia in Bergey's Manual of Systematic Bacteriology (Goodfellow and Lechevalier, in press) accepts the following definition of the genus, which was proposed by Lechevalier (26): "actinomycetes containing nocardomycolic acids, having type IV cell walls and type A whole cell sugar patterns and not capable of being sharply characterized by morphological criteria."
The Approved Lists of Bacterial Names (53) contains N . orientulis, N . mediterranei, N . saturnea, N . autotrophica, and N . hydrocarbonoxydans. Despite their importance, descriptions of the ristocetin producer " N . lurida" (14) and " N . sulphurea," which produces chelocardin (T. J. Oliver and A. C. Sinclair, U.S. Patent 3,155,582, November 1964), were never validly published (2). N . rugosa, which produces vitamin BI2, was described well by di Marco and Spalla (4), but no reference strain was ever designated. However, none of these organisms contains nocardomycolates; thus, they are now in taxonomic limbo. These "orphans" are also different from true nocardiae in the following ways: (i) they contain branched-chain fatty acids rather than the unsaturated fatty acids characteristic of nocardiae (1, 18, 28); (ii) phage typing shows that they a r e distinct from streptomycetes, nocardiae, rhodococci, and other type IV cell wall taxa (42, 43, 57; this paper); and (iii) phenetic studies have demonstrated that N . orientalis, N . mediterrunei, and N . autotrophica cluster at some distance from other nocardiae (6, 49, 58) .
The strains which were included in this study may be divided into two groups on the basis of their chemical compositions. Members of the first group are characterized by a type PI11 phospholipid pattern (phosphatidylcholine is present; phosphatidylethanolamine and glucosaminecontaining phospholipids are absent) and major menaquinones of the MK-8 (H2, H4) type. Members of the second group are characterized by a PI1 phospholipid composition (phosphatidylethanolamine is present; phosphatidylcholine and glucosamine-containing phospholipids are absent) and major menaquinones of the MK9 (H2, H4) type.
Thus, on the basis of both chemical and biological evidence, we feel that it is appropriate to propose two new genera to accommodate these organisms, Amycolata and Amycolatopsis.
Amycolatopsis spp. may be distinguished from the other mycolateless actinomycete taxon, Saccharomonospora, which has a type IV cell wall composition and a type PI1 +, 90% or more of the strains were positive; V, 10 to 90% of the strains were positive; -, 10% or less of the strains were positive; ND, not determined.
phospholipid composition, by differences in phage susceptibility and on morphological grounds. Members of the genus Amycolata may be differentiated from other cell wall type IV taxa having a type PI11 phospholipid pattern as follows: Amycolata spp. lack the sheath that is characteristic of the genus Saccharopolyspora (22); they do not reproduce by budding, as members of the genus Pseudonocardia do (15); they are not obligate halophiles, as members of the genus Actinopolyspora are (5); and they do not form chains of conidia on the vegetative hyphae as members of the genus . (11,20,23) . The new genera are described below. Amycolata gen. nov. Amycolata (A.my.co.la ta. Gr. prefix a not; Gr. n. myces, fungus; L. ending ata of or pertaining to; Amycolata not having mycolates, a-branched, P-hydroxy long-chain fatty acids that are characteristic of members of the genera Mycobacterium, Nocardia, Rhodococcus, and Corynebacterium).
Faenia (Micropolyspora) do
Actinomycetes forming branching vegetative hyphae with a diameter of 0.5 to 2.0 bm, which tend to break down into INT. J. SYST. BACTERIOL. squarish subunits. Aerial mycelium may or may not be present. Aerial hyphae, when formed, may be sterile or may break down into chains of squarish to oval fragments or sporelike structures. No endospores, sheaths, synnemata, sporangia, or sclerotia are present. Gram-positive , non-acidfast. Mesophilic, aerobic, catalase positive. Nonmotile. Not susceptible to phages specific for the Nocardia-Rhodococcus complex, Saccharomonospora, and Faenia. Type IV cell wall composition (meso-diaminopimelic acid, glutamic acid, alanine, muramic acid, glucosamine, galactose, and arabinose); type A whole-cell sugar pattern (galactose and arabinose present; no madurose, fucose, or xylose; rhamnose variably present). Mycolates absent. Type PI11 phospholipid pattern (phosphatidylcholine and phosphatidylmethylethanolamine present; phosphatidylinositol mannosides, phosphatidylinositol, and diphosphatidylglycerol variably present; phosphatidylethanolamine absent). Menaquinones predominantly MK-8 (H2, H4) . The guanineplus-cytosine content of the DNA ranges from 68 to 72 mol%. The type species is Amycolata autotrophica.
Amycolata autotrophica (Takamiya and Tubaki 1956) comb. nov. Amycolata autotrophica (au.to.tro'phi.ca. G. pronoun autos himself; G . verb trepho nurture; M.L. fem. adj. autotrophica self-nourishing, referring to the ability to grow at the expense of H2 and C02). Basonym: Nocardia autotrophica, Aerial mycelium white to cream colored with long chains of long-oval to cylindrical spores. Vegetative hyphae typically yellow to brown, tending to give rise to chlamydosporelike cells of unequal size, especially in liquid media. Adenine decomposed. Phosphatase, urease, and nitrate reductase produced. Grows on 5% NaCl and at 10 to 37°C. Decarboxylates acetate, citrate, lactate, malate, propionate, pyruvate, and succinate. Acid produced from adonitol, arabinose, cellobiose, dextrin, erythritol, fructose, galactose, glucose, glycerol, inositol, maltose, mannitol, mannose, a-methyl-D-glucoside, sorbitol, sucrose, trehalose, and xylose. No decomposition of casein, esculin, hypoxanthine, xanthine, or tyrosine. No growth in lysozyme or salicylate broth. No amylase or gelatinase produced. No decarboxylation of benzoate, mucate, oxalate, or tartrate. No acid produced from dulcitol, lactose, melibiose, raffinose, rhamnose, salicin, or P-methyl-D-xyloside. No growth at 42°C. The carbohydrate utilization pattern is shown in Table 4 . Autotrophic. Hydrogen is utilized in the presence of oxygen and carbon dioxide in a mineral salts medium. The principal menaquinone component is MK-8 (H2, H4). Isolated from phosphate buffer solution, aluminum hydroxide gel, vegetable matter; soil and clinical specimens. Pathogenicity unknown. The guanine-plus-cytosine content of the DNA acid is 70 mol% (T, method). A physiological comparison of the type strain with other strains assigned to this taxon by Gordon et al. (12) is shown in Sparse to moderate white aerial mycelium. Vegetative growth is off-white, yellowish white, gold, or brown depending on the growth medium. Both aerial and vegetative hyphae may fragment into squarish units. Esculin hydrolyzed. Amylase, gelatinase, phosphatase, and nitrate reductase produced. Decarboxylates acetate, lactate, malate, propionate, pyruvate, and succinate. Acid produced from arabinose (weak), cellobiose, dextrin, erythritol, fructose, galactose, glucose, glycerol, inositol, lactose, mannose, a-methly-D-glucoside (weak), rhamnose (weak), salicin, sucrose, and xylose. Grows at 10 to 37°C. Casein, xanthine, bypoxanthine, tyrosine, and adenine not decomposed. No growth on 5% NaCl, salicylate, or lysozyme broth. No urease produced. Benzoate, citrate, mucate, oxalate, and tartrate not decarboxylated. No acid formed from adonitol, dulcitol, maltose, mannitol, melibiose, raffinose, sarbitol, trehalose, or P-methyl-D-xyloside. The carbohydrate utilization pattern is shown in Table 4 . Utilizes gaseous aliphatic hydrocarbons (C, through CI4) for growth. The major menaquinones are MK-8 (H2, H4) . Air contaminant; isolated from a silica gel plate. The guanine-pluscytosine content of the DNA is 69 mol% (T, method). The type strain is strain NRRL B16171 (= ATCC 15104).
Amycolata saturnea (Hirsch 1960) comb. nov. Amycolata saturnea (sa.turn'e.a. L.n. Saturnus Saturn, Roman god of seed sowing; M.L. adj. saturnea pertaining to Saturn, referring to the colonies, which have a Saturnian shape). Basonym: Nocardia saturnea.
Yellowish white to bright butter yellow vegetative mycelium. Aerial mycelium white to yellowish, with hyphae breaking down into long rectangular fragments on nutritionally poor media. Hypoxanthine, xanthine, and tyrosine decomposed. Phosphatase, urease, gelatinase, and nitrate reductase produced. Table 4 . Utilizes C02 as an energy and carbon source. The principal menaquinones are MK-8 (H2, H4). Isolated from air and compost. The guanine-plus-cytosine content of the DNA is 72 mol% (T, method). The type strain is strain NRRL B16172 (= IMRU 1181).
Amycolatopsis gen. nov. Amycolatopsis (A.my.co. 1a.top'sis. M.L. fem. n. Amycolata genus belonging to the order Actinomycetales; Gr. n. opsis appearance; M.L. fem. n. Amycolatopsis that which appears similar to Amycolata).
Actinomycetes forming branching vegetative hyphae with a diameter of 0.5 to 2.0 ym, which tend to break down into squarish subunits. Aerial mycelium may or may not be present. Aerial hyphae, when formed, may be sterile or break down into chains of squarish to oval fragments or sporelike structures. No endospores, sheaths, synnemata, sporangia, or sclerotia are present. Gram positive, non-acidfast. Mesophilic, aerobic, catalase positive. Nonmotile. Not susceptible to phages specific for the Nocardia-Rhodococcus complex, Saccharomonospora, and Faenia. Type IV cell wall composition (meso-diaminopimelic acid, glutamic acid, alanine, muramic acid, glucosamine, galactose, and arabinose); type A whole-cell sugar pattern (galactose and arabinose present; no madurose, fucose or xylose; rhamnose variably present). Mycolates absent. Menaquinones predominantly MK-9 (H2, H4). Type PI1 phospholipid pattern (phosphatidylethanolamine present with or without phosphatidylmethylethanolamine) in addition to (variably) Table 4 . Some strains produce vancomycin or vancomycinlike antibiotics. Table 5 shows the reactions of the type strain of Amycolatopsis orientalis and 21 strains assigned to this taxon by Gordon et al. (13) . The predominant menaquinones are MK-9 (H2, H4). Isolated from soil, vegetable matter, and clinical specimens. The guanine-plus-cytosine content of the DNA is 66 mol% (T, method). The type strain is strain ATCC 19795 (= ISP 5040).
Amycolatopsis orientalis subsp. lurida (Grundy , Sinclair , Theriault, Goldstein, Rickher, Warren, Oliver and Sylvester 1957) nom. rev., comb. nov., subsp. nov. Amycolatopsis orientalis subsp. lurida (1u'ri.da. L. adj. lurida pale yellow, sallow). Basonym: "Nocardia lurida. " Differs from the Amycolatopsis orientalis type strain in only 4 of 39 characters in the Gordon test series ( Table 5 ) (phosphatase production, lysozyme resistance, acid production from melibiose and rhamnose). Although Amycolatopsis orientalis subsp. lurida would fall within the definition of Grodon et al. for Amycolatopsis orientalis (13) , its DNA exhibited only 46% homology with the DNA of the Amycolatopsis orientalis type strain; therefore, it is included here as a subspecies. The predominant menaquinones are MK-9 (H2, H4). Isolated from soil. The type strain produces the antibiotic ristocetin. The guanine-plus-cytosine content of the DNA is 67 mol% (T, method Table 4 . The principal menaquinones are MK-9 (H2, H4). Produces vitamin B12. The guanine-plus-cytosine content of the DNA is 68.9 mol% (Twl method). The type strain is strain ATCC 43014 (= IMRU 3760).
Amycolatopsis sulphurea (ex Oliver and Sinclair, 1964) sp. nov. Amycolatopsis sulphurea (su1.phu're.a. L. adj. sulphureus of sulfur, referring to the yellow color of the vegetative hyphae).
Aerial hyphae sterile, yellowish green to grayish greenish yellow. The white to yellowish to olive vegetative hyphae tend to break down into fragments. Casein, hypoxanthine, and tyrosine decomposed. Esculin hydrolyzed. Amylase, gelatinase, phosphatase, and nitrate reductase produced. Lysozyme resistant. Grows on 5% NaCl and at 10 to 37°C. Acetate, citrate, lactate, malate, propionate, pyruvate, and succinate decarboxylated. Acid formed from dextrin, fructose, galactose, glucose, glycerol, maltose, mannitol, mannose, sucrose, and trehalose. No decomposition of xanthine or adenine. Urease not produced. No growth on salicylate broth. No decarboxylation of benzoate, mucate, oxalate, or tartrate. No acid produced from adonitol, arabinose, cellobiose, dulcitol, erythritol, melibiose, a-methyl-Dglucoside, raffinose, rhamnose, salicin, sorbitol, xylose, or P-methyl-D-xyloside. The carbohydrate utilization pattern is shown in Table 4 . The principal menaquinones are MK-9 (H2, H4). Isolated from soil. Some strains produce chelocardin. The guanine-plus-cytosine content of the DNA is 67 mol% (T, method). The type strain is strain ATCC 27624.
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